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 [ ] 
:

V . )= f .( )  VM ) = f .( ) 22,4.

 [ ] – 
:

.= M
m .

, 
] – 

:

.= V
V .

, , 
.

, , 
:                      f . . .) =

Bn
1 .

:          f .(O2) = 22
1 =

4
1 ;     f .(Zn) =

2
1

21
1 .

: f . .)=
)()(

1
OBOn

.

:      f .(MnO2)= 22
1 =

4
1 ;         f .(Na2O)=

21
1 =

2
1 ;

f .(Al2O3)= 23
1 =

6
1 .

 ( ):      f . .)=
)OH(n

1 .

:      f .(Mn(O )2)= 2
1 ;                       f .(NaO )=1.

 ( + , 

):                f . )=
)H(n

1 .

:    f .(H2SO4) = 2
1 ;    f .(H3PO4) = 3

1 ;         f . NO3)=1.
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:
f . ) =

)()(
1

MetBMetn
.

:             f .(Na2SO4) = 21
1 =

2
1 ;            f .(Fe3(PO4)2) = 23

1 =
6
1 .

, 
, 

.
:

H2SO4 + 2NaO  = Na2SO4 + 2 2 .
+  Na+, 

f .(H2SO4) = 2
1 ;

f .(Na2SO4) = 21
1  =

2
1 .

:

H2SO4 + NaO  = Na SO4 + 2 ,

                               f .(H2SO4) = 1,  f .(Na SO4) = 1,
+  Na+.

Cu(OH)2 + 2HCl = CuCl2 + 2 2 ,

f .(Cu(O )2) = 2
1 ;

f .(CuCl2) = 21
1 =

2
1 .

:

Cu(OH)2 + HCl = Cu Cl + 2 ,

:   f .(Cu(O )2) = 1;
f .(Cu Cl) = 1.
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1. ,  150 3, ,
 (

), .
2.  15-20 3

 (HCl) , 
.

.1 – 

3.
 (Zn),  0,1 . 

, 
. 
.

4.
, .

5. , 

.
6.  ( 1, 3), 

, 
.
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7. , 
2), 

.
Zn + 2HCl = ZnCl2 + H2

8. : 
 –  2

3) , , 
:

V( 2) = 2 - 1 ( 3).

9. , 
, 
, – h2 ( );

10. , , 
 – . ( . .).

11. , 
 - t ;

12. , , 
 – h1

. .).

13. :

m (Zn), 1, 2, V( 2), h2, h1,
.,
.

.
t

14. :
) -

:

T
VP  =

0

00

T
VP V0 2) =

TP
TVP

0

0  =
C)ot273(760

273
6,13

)V(Hhh.(P 2
2

1
,

: 13,6 – .
)  ( .), 

:

(Zn) =
)(HV

)(HVm(Zn)

20

2
.
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 ( );
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2. .
3. ?
4. ?
5.
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) ;
    ;

) ;
) , 

.

) ) ) 
 ( )

1 Cu(OH)2 NH3 H2SO4, 49
2 H2SiO3 O2 CuSO4, 159,5
3 CaSO4 CO2 Ca(OH)2, 37
4 NaHSO4 CO NaOH, 120
5 Na2HPO4 H2S Fe(OH)3, 10
6 Mg HCl HCl Na2CO3, 159
7 MgCl2 H2 CH4, 4
8 Mg(OH)2 CH4 HCl, 73
9 KOH Br2 CuCl2, 134,5

10 Al(OH)3 SO2 MgSO4, 120
11 Na3PO4 F2 NH3, 17
12 H2CO3 NO CO2, 22
13 Al(OH)2Cl HBr AlCl3, 89
14 Ca(NO3)2 NO2 H3PO4, 65,3
15 Fe(OH)3 N2O H2S, 17
16 3PO4 Cl2O7 Al(OH)2Cl, 100
17 NaH2PO4 HF FeCl3, 50
18 FeCl3 Cl2 H2CO3, 25
19 Fe(OH)2 SO3 Na3PO4, 36
20 NaHS N2 Al(OH)3, 250
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2.4 2

: 

:
.

: , 
, 

.
:  (H2SO4) 

 0,02  0,01 3, 
(Na2S2O3)  0,02  0,01 3, , 

 5 3,  150 3, , ,
.
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, 
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dt
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, 
. . :

V = K [ A]n  [ B]m

n m – ;  – , 
.

. ,
, 

.

, ,
. 

:

10
TT

12

12

VV

 V2, V1 - ,
t - ,
 – ,  2-4.

:
H2SO4 + Na2S2O3 = Na2SO4 + H2O + SO2  + S

 (
), , 

. 
, , 
: V = 1/ t .

 1. 

1.  4 , 

, 3

H2SO4
0,01

H2SO4
0,02

Na2S2O3
0,01

Na2S2O3
0,02

1 5 5
2 5 5
3 5 5
4 5 5
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2. , ,
  ,

3.
4.

:

32242

4242
42

OSNaSOH

SOHSOH
SOH VV

VC
'C

32242

322322
322

OSNaSOH

OSNaOSNa
OSNa VV

VC
'C

3224232242 OSNaSOHOSNaSOH V,V,C,C - 

.
5.  V* = 1/  t , -1

6. :
H2SO4 Na2S2O3

C, 3 V, 3 C', 3 C, 3 V, 3 C', 3 3O2S2Na'C
4SO2H'C , =

p

1
, 1

1 0,01 5 0,01 5
2 0,01 5 0,02 5
3 0,02 5 0,01 5
4 0,02 5 0,02 5

7.
 (

,  – 
).

8.
.

 2. .
1. , 

5 3  (0,01 ), 
5 3  (0,01 )

2.

, 
 0,10

3. , , 
, .

4.
100  , ,  0,10
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, . 
.

5. , 
 200 .

6.
.

7. :

t,0C , c V*  = 1/ ,c-1

1 20
2 30
3 40

8. .

1. ?
2. 

?
3. . 

.
4. ? 

.
5. ?

   :
1.

.
2.

.
3. .
4. , 

1 2, …

 :
1.  2SO2(p) + O2( ) = 2SO3( )

aCO3( )   = CaO ) + CO2( ), 
 3 ;  T1 = 400C, T2 = 600C ,  =2

2.  WO3( ) + 3CO ) = W ) + 3CO2( )
2NH3( ) + 3 N2O ) = 4 N2( ) + 3 H2O ), 

 3;  T1 = 500C, T2 = 800C ,  =2
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3.  2CO ) + 2H2( ) = H4( ) + O2( )
Fe2O3 ( )  + CO ) = 2Fe ) + CO2( ), 

 4;  T1 = 500C, T2 = 100C,  =3
4.  2WO3( ) + 3 C ) = 2W ) + 3CO2 )

2NO ) + l2( ) = 2NOCl ),   
 2;  T1 = 10 0 C, T2 = 600 C ,  =3

5.  2CO2( )  + H2( ) = O ) + H2O ( )
3Fe( ) + 4H2O )  = Fe3O4( ) + 4H2( ), 

 4;  T1 = 20 0C, T2 = 800 C ,  =3
6.  2NO2( )  = 2 NO )  + O2( )

SrO )  + CO2( ) = SrCO3 ( ), 
 2;  T1 = 60 0 C, T2 = 200 C,  =3

7. FeO )  + )  = Fe )   + 2( )
4NH3( )  + 5 2( ) = 6 2 ) + 4NO ), 

 3;  T1 = 100 0 C, T2 = 500 C,  =2
8.  2CO )  + O2( ) =  2CO2( )

C )  + 2N2O ) = 2N2( )  + CO2( ), 
 3;  T1 = 40 0C, T2 = 700 C,  =3

9.  N2( )   + 3H2( ) = 2NH3( )
CaO )  +  CO2( ) = CaCO3( ), 

 4;  T1 = 30 0C, T2 = 700 C,  =3
10. CH4( ) +  H2O )   = ) + 3 2( )

WO3( )   + 3 2( )  = W (T)   + 3H2O ), 
 3;  T1 = 100 0C, T2 = 700 C,  =2

11. 2H2S )   = 2 2( )  + S )
Fe2O3 ( )  + 2( ) = 2Fe ) + 3 H2O ( ), 

 4;  T1 = 10 0C, T2 = 500 C,  =2
12. N2( )   + 2( ) = 2N )

C ) + 2H2 ) = H4( ), 
 3;  T1 = 65 0C, T2 = 1050 C,  =3

13. HCl )   + 2( )  = 2Cl2( )   + 2 2 )
C )  + O2( ) =  2CO ), 

 4;  T1 = 75 0C, T2 = 350 C,  =2
14. CO )  + Cl2( ) =  COCl2( )

2Hg )  + 2( ) = 2HgO ( ), 
 3;  T1 = 25 0C, T2 = 550 C,  =3

15. 2( )   + 2( ) = 2 2 )
4HNO3( )  = 4NO2( ) + 2( )  + 3 2 ), 

 2;  T1 = 45 0C, T2 = 750 C,  =4
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2.5 3

: 

 –
;

- , ,

.
:  200-250 3, 

200 3,  100-200 3,   10  3;  25  50 3;
:  NaCl,  KCl,  Na2SO4·H2O,  K2Cr2O7, CuSO4·5H2O, MgSO4·7H2O,

NH4Cl, Na2CO3·10H2O.
, ,  1,008 –

1,016.

   

, 
. 

, ). 
. 

.

. 
, . 

, .
, 

, 
. , 

, . 
, , 

, , 
.

. , , 
. 

, .

. 
:  ( , , )

, , 
. 

. 
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: 
, 

, .
 – 

.
, , 

, 
, .

, , 
, . 

. 
, .

. 
, ,  -

. .
, 

, .  ,
 35 ,  CaSO4·2H2O 

.
.

. 
.

. ,
 IUPAC,

, 3 ( ) 3.
 – . 

, , 
, . , 

, .
 – 

. 
(0,2  20% )  ( ):

2

1
m
m

  m1 ( ) - , m2 ( ) – .
, m2,  m1 ( ):

m1 = m2,     m1 = (m1 + m3),       m1 =  V,

 m3 – ,  – 3,  V – 3.



30

 ( 3).
, , 

.  –
. , 

.

V
m2

 m2  – , V – 3.

:                                            m2 = V  ( )

 – 
.

3, 
 « », :

MV
m

M
1

 m1 - ,
M – ,
V – 3  ( ).

:                                           m1 = CM M V
 ( ) – 

  . 
3, 

 « »,   - 

VM
m

MC
..

1

 m1 –  ( ),
 – ),

V –  ( 3).

: VMCm M ..1

–
,  1  (1000 ),

 «m», i  – m.

3

1
mM

m
mC

 m1 – , m3  -  1 
(1000 ),  – 

:                                          m1 = CmMm3.
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. 
,  1 3 ( ) ,

 « ». :

V
mT 1

 m1 – ,V – 3 ( )

1000
MCMT

 – 3,  – 

1000
..M MC

T

 –  ( 3),
 –  ( ).

, 
. 

,  ( ) 
, 

:

;
2.

2

1.

1
M

m
M

m ,
.2

2.2

2.

1.1.1M

M
VM

M
VMC

2.21.1 CMVCMV

,
, , 

, .
, 

. , 200 
,  CuSO4·5H2O.  ,   CuSO4

. 
,  17,5 ), 

:
(CuSO4·5H2O) = 250 

M(CuSO4) = 160 

              160   uSO4   250  CuSO4·5H2O
                     17,5                         

  = 17,5 · 250 / 160 = 27,34   - 

 m2( ) – m(CuSO4·5H2O) = 200  – 27,34  = 172,66 
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. 
. , 

, , , . , 
 10  20%. 

, ,  300 
 12 %.

, 
,  – 

, ,  – 
 (  0)

                                          20
                                               \
                                                12
                                               /
                                           10

, , 
.  (

) , 
, 

. :

                                     20      2
                                         \      /
                                           12
                                          /      \
                                      10      8

, 
 2  ( ) 20 %  8  10 % . 

:

m . = 2 + 8 = 10  (  12% ),

 300  12% , :
                             10        -         300 
                              2         -           

 = 2 · 300 / 10 = 60   (20% )
300 – 60 = 240   (10% )
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 1.
. , 

, 
.

, .

: .
1. ;

m1 = m2 );
2.    ( ), ; (H2O) =1 3

m3 ) = m2 – m1;     V(H2O) 3   = m(H2O)  ;  V3 = m3

3.  0,01 
4.  ( 3)

, , , 
, .

, .
5. : 

. , 
, , , 

, . 
, .

 150 :
m2 = 150  ( )

V I II III IV
.)  % )  %

1 NaCl 4 6 Na2SO4 7
2 CuSO4 3 7 KCl 6
3 KCl 6 8 NH4Cl 3
4 MgSO4 5 9 Na2CO3 6
5  K2Cr2O7 5 10 CuSO4 8

:

V V

) % m1
) m3(H2O) V3(H2O)

6.  .
: ), .

1. );
) = ƒ )   [ ]
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2. ;
V(  ) =  m2 ) / 3) [ 3]= [ 3]

3. : ;  ;  m,  
:

V IX X XI XII XIII XIV
m1

), 
V -

, 3
) : m  

 2.
, . 

, 
.

: ` 
.

m2` = 100   ( )
1.  m1 ;
2.  1 ,  m1` .
3.  1 .
4. , .
5. . 

 1 , .
6. .

, 
; `.

7. `, `, m`,  T`
 100   `  1 .

V  V
.) ‘ .) ‘

1 NaCl 3 6 Na2SO4 5
2 CuSO4 4  7 KCl 3
3 KCl 5 8 NH4Cl 2
4 MgSO4 2 9 Na2CO3 4
5  K2Cr2O7 3 10 CuSO4 5

:

V V

) ` m1`( ) V1 )
3

V3`(H2O)
3 / 3

  .
: ),  2

1. ).      1 :
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 = ƒ )
2.  2, V2;

V2 = m2`/ `  ( 3) =( 3)
3. : ;  ;  m,  

:
V IX X XI XII XIII XIV

m1
’ ( ), V2   , 3 ) ’ ’ m’ ’

 3. 
 ( ) 

. 
) .

1.  ( ) m1 ;
m1`` = CMMV ( )

2. .
3.  ( ) .
4. , 
5. , .

 200 3

V  = 100 3  0,1 3

V I II III IV
.) )

1 NaCl 0,1 6 Na2SO4 0,4
2 CuSO4 0,2 7 KCl 0,2
3 KCl 0,3 8 NH4Cl 0,5
4 MgSO4 0,2 9 Na2CO3 0,2
5  K2Cr2O7 0,5 10 CuSO4 0,3

, 
; ``.

.
1.  200 3 (m2``);

m2`` = Vp / ``
2.  ( ) m3; m3``= m2`` - m1`` ( ) = ( )

3. :   ;  m,  
:

V XV VI IV XII XIII XIV
m1

’’

), 
m2`’ m3`` ``

3

’’

3
m’ ’

3
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2.6  4

: . 
.

: - ,

;
- , 

, ;
- , 

.
: , ;  –

, , ;  – 
, , , , 
, , ), , ,

, , , -
.

, 
, 

, :

S0 +O2
0 = S+4O2-

2 ;
Sn0 +2H+Cl = Sn2+Cl2 + H°2 ;
2KI  + 2Fe+3Cl3 = 2Fe+2Cl2 + I0

2 +2KCl.

, 
  – ,  – .

, , 
, .

, , 
. 

, :

                                           S0 - 4e  = S4+;
                                           Zn0 - 2e  = Zn2+;
                                          2I  - 2e  = I0

2

.
, ,

.  S°,
 Zn°  -1 

. , .
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, :
0
2 + 4e  =2 -2;              2 ++2e  = 0

2;
Fe+3 + e  = Fe+2.

, 
, . , ,

. 
0
2  +1

1 ),  ( )  +3 (F 13
 F 3+). , 

, 
.

:
1. ; , 

, :
0
2 + Cu+2O = Cu0 + H+

2O;
2H2S-2 +S+4O2 = 3S0 + 2H2O

2. ; , 
,  ( ,

), :
                                              2 1+ -2 = 2 1- + 0

2;
                                               NH-3

4NO+3
2 = N°2 +2H2O.

3. ; 
, ,

:
u+  = u+2

2 + u0;
Cl02 + 2H2O= HCl + Cl+O.

 ( )
, 

.

: 
).

. 
. 

, ,
, ,

.
.
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 1. , 
:

SO2 + HNO3 + H2O    H2SO4 + NO.

, 
:

S+4O2 +  HN+5O3+ H2O      H2S+6 O4 +  N+2O.
, 

–  .  ,  S+4  S 2 ,  N+5
3 –

. , :

                                            S+4        S+6;
                                            N+5      N+2.

. 
,

:

                                                   S+4 - 2e  = S+6;
                                                   N+5 + 3e  = N+2.

, 
, 

. 
   3,  –  2:

                                                   S+4 - 2e  = S+6;                  3
                                                   N+5 + 3e  = N+2.                2

, , 
 S+4  S+6  3; , 
 N+5  N+2 -   2.  
, :

2S 2 + 2 3 + 2  = 3 2 4 + 2N .

,
. ,

:

2S 2  + 2 3  + 2   3 2 4  + 2N .

, , .
,

.
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  , .

.
, ,

, ,  – 
. , 

, + -  ,   -  2  –
.

, 
, 

 :
SO3

2  + H2O  SO4
2  + 2H+

 – ,
:

SO3
2  + 2OH  SO4

2  + H2O

:
SO3

2  + H2O  SO4
2  + 2

. 
, : ,

, 
, 

, 

SO2 + H+ + NO3 + H2O  2H+ + SO4
2  + NO

:
NO3  + 4H+     NO + 2H2O

,  ( 
 (-1)  +(+4)  =  +3,   0+0  =0,  ,  

 3 :

NO3  + 4H+  + 3e     NO + 2H2O
:

SO2 + 2H2O – 2e   SO4
2  + 4H+

, 

                                        NO3  + 4H+  + 3e     NO + 2H2O          2
                                        SO2 + 2H2O – 2e     SO4

2  + 4H+          3
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:
2NO3  + 8H+ + 3SO2 + 6H2O = 2NO+ 4H2O + 3SO4

2  + 12H+

:

2NO3  + 3SO2 + 2H2O = 2NO  + 3SO4
2  + 4H+

  2·3 +3·2+ 2 = 2+ 3·4   
:

NO3 + 3SO2 + 2H2O = 2NO + 3 2SO4

 2  3, ,

, .

:
1)  – ;
2) ; 2, ,  Si;
3) 2 2;
4) ,  ( ) ,  ( )
NO,  ( V) S 2;
5) , 2SO4, 2,

2 3, ;
6) : 2S, 1,

,  –  ( , ,
);

7) , :
 ( ) Sn 12,  (II) F SO4, x  (II ) 2(S 4)3, 

) MnSO4 o;
8)  NH3.

:
1)  – :  F2, Cl2, Br2, I2, 2, 3
2) 2 2;
3) :  (VI)
CrO3;  (V ) 2 7, V) PbO2; 

g2 ;
4) : ; 

 H2SO4;  HMnO4 , 
MnO4;

5) : 2CrO4 , 
 K2Cr2O7; , 

 H lO,  HClO3,  HClO4, ;
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6)  , 
AgNO3,  (II) CuSO4 .

, , 
, , .

 1 
1.  ( ) 1-2 3

.
2.  ( l).
3. , -

.
4. , .
5. , 

.

 2.  .
1.  1-2 3  .
2. , ?
3. , 

.

 3.  .
1.  1\3 .
2. .
3. ? , 

 4.  .
1.  5-6  ( ), 

 FeCl3
2.  1 , ? 

 2 . 
 1-2 , 

 –
.

3.  1-2  -  - ,
 ( ) Fe2+

 ( ).
4.
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 5. .
) , :

1.  1 3

2.  2 , 
.

3. ? ? 
?

4. , 
.

) , :
1.  5 .
2.  10%  NH3 .
3. .
4. ?
5. , 

.

 6.  
 .

) :
1.  1-2 3 .
2. .
3. 

.
4. :

KMnO4 + N2SO3 + H2SO4 = MnSO4 + K2SO4 + Na2SO4 + H2O

:
1.  1-2 3 .
2.  1-2 3

3. ? ?
4. 

 :
KMnO4 + Na2SO3 + H2O = MnO2 + Na2SO4 + KOH

) :
1.  1-2 3 .
2.  1 3  ( )  1-2 3

.
3. ?
4. 

.
KMnO4 + KOH + Na2SO3 = K2MnO4 + Na2SO4 + K2SO4 + H2O
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5.
.

6. .

1. ?
2. ?
3.  - .
4. ?
5. .

, 
, .

:

1. ) KNO3 = KNO2 + O2;
) KMnO4 = K2MnO4 + MnO2 + O2;

2. ) S + 2HNO3 = H2SO4  +2 NO;
          ) FeSO4 + KClO3 +H2SO4= Fe2(SO4)3 + KCl + H2O;

3. )  S + 2HNO3 = H2SO4 + 2NO;
          ) FeS+ HNO3 = Fe(NO3)2 + S + NO + H2O;

4. ) H2S + KMnO4 + H2SO4 = S + MnSO4 +  K2SO4 +  H2O;
          ) I2 + Cl2 + H2O = HIO3 + HCl;

5. ) I2 + NaOH = NaI + NaIO + H2O;
) KClO3 = KCl + KClO4;

6. ) KI +KNO2 +H2SO4 = I2 + NO +K2SO4 +H2O;
          ) H2O2 + I2 = HIO3 +H2O;

7. ) Zn + 2H2SO4 = ZnSO4 + SO2 + 2H2O;
          ) PdCl2 + CO+ H2O = Pd + CO2  +HCl;

8. ) SO2 + FeCl2 + HCl = S + FeCl3 + H2O;
          ) C + H2SO4  =  CO2 + 2 SO2 + H2O;

9. ) AgNO3+ NH3 + NaOH = Ag + N2 + NaNO3 + H2O;
          ) NO + Fe(OH)2 + H2O = NH3 + Fe(OH)3;

10. ) K2FeO4 +NH3 +H2O = Fe(OH)3 +N2 +KOH;
           ) Br2 +H2SO3 +H2O = H2SO4 +HBr;
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11. ) NaBr +H2SO4 = Na2SO4 + Br2 + SO2 + H2O;
           ) Zn + H2SO4 = ZnSO4 + S + H2O;

12. ) NaNO2+Br2+NaOH = NaNO3 + NaBr + H2O;
           ) Zn + H2SO4 = ZnSO4 + S + H2O;

13. ) NO+MoCl3+H2O = H2MoO4 + NH4Cl + HCl;
           ) KMnO4 = K2MnO4 + MnO2 + O2.

14. ) MnS + HNO3 =Mn(NO3)2 + NO + H2O;
           ) V+HNO3+HF = H[VF6]+NO+H2O;

15. ) I2 + NaOH = NaI + NaIO + H2O;
           ) FeS+ HNO3 = Fe(NO3)2 + S + NO + H2O;

16. )  FeSO4 + KClO3 + H2SO4= Fe2(SO4)3 + KCl +H2O;
           ) H2O2 + I2 = HIO3 +H2O;

17. ) KI +KNO2 +H2SO4 = I2 + NO +K2SO4 +H2O;
           ) S + 2HNO3 = H2SO4 + 2NO;

18. ) I2+Cl2 +H2O = HIO3+HCl;
          ) H2S +KMnO4 + H2SO4 = S +MnSO4 + K2SO4 + H2O;

19. ) H2S + KMnO4 + H2SO4 = S +MnSO4 + K2SO4 + H2O;
           ) I2 + NaOH = NaI + NaIO + H2O;

20. ) Mg + H2SO4 = MgSO4 + S + H2O;
) H2S + KMnO4 + H2SO4 =S + MnSO4 + K2SO4 + H2O.
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2.7  5

:  ( ),

:
, 

,   .
: :  100 3, ,

; ; 2%-
; 2%-  5%-  FeCl3; 0,1%-

4[Fe(CN)6], CuSO4, HCl, NaOH;1%-  Na2S2O3, 1,5%-
MnO4.

 ( ) – ,
 ( ) 

 ( ),  10 7 – 10 9 .
,

.
 10 7 , 

. 
 10 9

, , , .

 ( ) 
. 

. 
:

][][ /6/6S 232

DD
 D 

; D =
d
1 ,    d – , :

D = 103-106,      d = 10 3-10 6  – ;
D = 107-109,      d = 10 7-10 9  – ;
D = 109-1011,     d = 10 9-10 11  – .

:
1)  –  ( );
2)  –  -  ( );
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3)  –  -  ( );
4)  –  -  ( );
5)  –  -  ( );
6)  –  -  ( );
7)  -  –  ( );
8) ,  –  –  ( ).

, . , 
, 

. 
 ( ) , 

, 

).

 ( )
 (

). 
 – , 

). -
 (  –

, 
). 

, . 

.

:

AgNO3 + KI  = AgI + KNO3

 AgNO3
 KI, 

: K+;  I ; Ag+; NO3 . 
,  I

, 
 AgI, .

 - m(AgI) 

, , 
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 Ag+ ( , 
).

,  -  NO3  ( , 
), 

. 

:
(mAgI) – ;
[(m AgI) nAg+] n +  - 
[(mAgI) nAg+ (n-x)NO3 ]x+  -   
{[(m AgI) n Ag+ (n-x)NO3 ]x+ xNO3 }    -   

                      {[m(AgI)  nAg+]n+·(n-x) NO3
¯}x+ ·xNO3

¯

                              
                                            
                                                

, 
:  = n - (n-x).
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m –  AgI, 
, n – 

 Ag+. m n. 
n,   (n-x) 

, 
.

, 
, 

. 
 NO3

, .
 NO3

 - .
 – , 

 (
), 

.

: 
.

 KI, 
, :

KI + AgNO3 = AgI + KNO3

(mAgI) – ;
[(mAgI) n ]n   - 
[(mAgI) n (n-x) +]x   - 
{[(mAgI) n (n-x) +]x +}    -   

 (
),  –  ( ).

, .
 ( ),

 (mAgI) 
 n , (n-x) +, 

:  – .

{[(mAgI) nI ]n ·(n- )K+} – K+

{[(mAgI)·nI ·(n-x)K+] ·xK+}
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, 

, 
. 

) . , 
.

, 
 ( ) , , 

.

, . , 
 – , .

, , 
 ( ), 
.

.
, 

 1857 .

 ( , 
, ), 

. 

 (1868-1894), 
 ( ).

, 
,  (1889-1894), ,

, 
. 

, 
.

. , 
, 

, 
. , 

.
,  (

), , 
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. 
:

= k l

, 
, 

.
.

, 
, . 

. 
, , , 

.

, 
 ( ) . 

, 
, . 

.

: 
,  - .

.
, 

 (
). 

.
: ,

, , 
 (10 7-10 9 ).

, 
 ( , ),

, 
, 

. , 

.
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, 
.

, 
. 

 - . 

.
,

:
1.

. 
, , 
, .

2. , ,
, . 

, , 
,  ( ) –

.
3. . 

), , 
.

4.

,  – 
, 

, :

1: 2 : 3 =1 : (
2
1 )6 :  (

3
1 )6 = 1 :

64
1  :

729
1

5.
. 

, . 

 – . 
 0,03.

, 
, 

. 
, .
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, , . 
. -

, 
. 

. , , 
, , 

, . 
.

, 
, 

, . 
, 

 10-9 ,  ( ).

, 
 ( )

. 
, ,  –

.
, 

, 
, :

VV
1000VC ,

 - , 3;
     V ; V - , 3.

, 
 ( ) z

):

6

5

z
TkC ,

   – ;
      z –  ;
      k – , .

, 

. 
.
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,
.
,

.

, , .

 10 4 - 10 8 .

. , 

;
, , .

. 

. 
, ,

. -
, , , 

.
, 

, , 
. 

.

, .

.
,

. 
, 

2·10 10 . 
.

. 

. 
:
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p

p
L

LCkU

- ;
Lp- .

-Lp
, Lp- .

- Lp  Lp
, .

.

. 
; 

, 
, 

.
,

, .
 (

) 
. 

,  - .

, 
 ( ). , 

. 

 ( , , 
),  ( ). 

, , 

FeCl3+3H2O  Fe(OH)3  + 3HCl,
 -

AgNO3+KJ  AgJ  +KNO3 .
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,
.

 1.  ( )
.  2  100 3

 100 3 .
 10-15 3  (

 1 ) .
 (

).
? , , 

, .

 2.  Fe(OH)3 ( )
.  100 3

. , 
 5 3 2%-

FeCl3
 Fe(OH)3

, . 
. 

. .

 3.   ) u2[Fe(CN)6]
)

.  20  0,1%- 4[Fe(CN)6]
 1  1%-  CuSO4. -

:
2CuSO4 + 4[Fe(CN)6]  Cu2[Fe(CN)6] + 2 2SO4

, : )  CuSO4 ) 
4[Fe(CN)6].

 4.  ( )
. MnO4

MnO2 :

MnO4 + 3Na2S2O3 + H2O  8MnO2  + 3 2SO4 + 2 OH + 3Na2SO4

 5 3 1,5%- MnO4
 50 . 

1,5-2,0 3 1%-  Na2S2O3. 
.

 ( MnO4)
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 5.  [  (II)
 (III)] 

.  5 3 2%-
 1  (II) 4[Fe(CN)6].

.  0,1 
. . 

:

4FeCl3 + 3 4[Fe(CN)6]  Fe4[Fe(CN)6]3   + 12 Cl
Fe4[Fe(CN)6]3 + 6H2C2O4  2Fe2(C2O4)3 + 3H4[Fe(CN)6]

, , 
 [Fe(CN)6]4-

, 
, , , 

, .

 6. 
)

, 2, :
0,1 , 0,01  0,001 

 ( ) .  12  5 3

Fe(OH)3,  (  4 
) :

1 2 3 4
, 4,5 4,0 3,0 1,0

0,5 1,0 2,0 4,0

:

V
V

; 
.

1. ?
2. .
3.

?



57

4.
?

5.
?

6. ?
7. ?
8. . 

?

1.
.

2. , 
. , ,

.
3.  – 

?
4. , , 

 (K+,Ca2+, Al3+, Cl-, SO4
2-, PO4

3-)?
5. ? 

.

1 AgNO3 NaCl
2 FeCl3 NaOH
3 K2SO4 BaCl2
4 ZnCl2 KOH
5 NiCl2 H2S
6 H2S Fe(NO3)3
7 Na2SO4 Pb(NO3)2
8 Na2S CuSO4
9 CaCl2 Na2 3
10 AgNO3 KBr
11 CdCl2 H2S
12 H2SO4 Ba(OH)2
13 H2O FeCl3
14 CuSO4 Na2S
15 K2S NiCl2
16 AsCl3 H2S
17 Na2S CdCl2
18 AlCl3 NH4OH
19 BaCl2 K2SO4
20 FeCl3 NH4OH
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1. . . . – .: , 1988. - 704 .
2. . . . – .: , 1988.

– 272 .
3. . ., . .,   . . – . – ,

1997. - 392 .
4. . . . – : , 1998.  -  480 .
5. . . . – .: , 1978.–482 .
6. . : . .: ,

2000.
7. . . . – : ,

1990. – 191 .
8. . . . – : , 1991 .
9. . . . – .: , 1989. – 368 .
10. . :  2- , .: , 1991.
11. . , .: , 1979.
12. . , .: , 1975.

1. ., . .  3- . –
.: , 1976. – 654 .

1. . . .  2- , - .: ,
1975. – 640 .

2. ., . ., . 
. – .: , 1991. – 256 .

3. . ., . ., . ., . . 
. – : . , 2000 .

4. . 
 « » 

 – , , 2002.
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 1 –
20 , 3

, 3

, % LiCl BaCl2 FeSO4 NiSO4 NaNO3 CuSO4 ZnSO4 KNO3

1 1,0046 1,0085 1,0090 1,0049 1,0090 1,0046
2 1,0099 1,0159 1,0092 1,020 1,0117 1,0190 1,0190 1,0108
3
4 1,0215 1,0341 1,0375 1,0420 1,0254 1,040 1,0403 1,0234
5
6 1,0330 1,0528 1,0575 1,0630 1,0392 1,0620 1,0620 1,0363
7
8 1,0444 1,0721 1,0785 1,0850 1,0532 1,0840 1,0842 1,0494
9
10 1,0559 1,0921 1,1000 1,1090 1,0674 1,1070 1,1071 1,0627

   , 3

, % NaCl KCl Na2SO4 K2SO4 K2Cr2O7 MgSO4 NH4Cl

1 1,0070  1,0050 1,0070 1,0060 1,0050 1,0010
2 1,0140 1,0110 1,0160 1,0150 1,0120 1,0180 1,0040
3 1,0220 1,0170 1,0260 1,0230 1,0190 1,0080
4 1,0290 1,0240 1,0350 1,0310 1,0260 1,0390 1,0110
5 1,0360 1,030 1,0440 1,0390 1,0340 1,0140
6 1,0440  1,0370 1,0530 1,0480 1,0410 1,060 1,0170
7 1,0510 1,0430 1,0630 1,0530 1,0490 1,020
8 1,0580 1,050 1,0720 1,0650 1,0560 1,0820 1,0230
9 1,0650 1,0560 1,0820 1,0730 1,0260
10 1,0730 1,0630 1,0910 1,0820 1,1040 1,0290

 2 –

,  ( ) 1·10–6

 ( ) 1·10–10

 ( )

( .)

1,01325·105

133,322

,  ( ) 1,60219·10–19

 ( )
 ( )

 (D)
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 3 –

2,9979246 
h 6,62618·10–34

e 1,602189·10–19

N 6,022045·1023 –1

F 9,64846·104

R 8,3144 /( )

 4 –

HAlO2
HAsO3
H2AsO4
HAsO2
H3AsO3
HBO2
H3BO3
H2B4O7
HBr
HOBr
HBrO3
HCOOH
CH3COOH
HCN
H2CO3
H2C2O4
HCl
HClO
HClO2
HClO3
HClO4
HCrO2
H2CrO4
H2Cr2O7
HI
HOI
HIO3
HIO4

 ( )
 ( )



61

. 4

HMnO4
H2MnO4
H2MoO4
HN3
HNO2
HNO3
HPO3
H3PO4
H4P2O7
H3PO3
H3PO2
H2S
HSCN
H2SO3
H2SO4
H2S2O3
H2S2O7
H2S2O8
H2Se
H2SeO3
H2SeO4
H2SiO3
HVO3
H2WO4

 ( )

 ( )
 ( )

 ( )

 ( )

 5 –
 250 )

 = – lg K
N3

 HNO2
 NH4OH

 ( ) H3BO3,      1
 HOBr

2 2,                 1
 H2SiO3,          1

2

 H2SeO3,          1

2

2,6 10–5

4,0 10–4

1,8 10–5

5,8 10–10

2,1 10–9

2,6 10–12

2,2 10–10

1,6 10–12

1,8 10–4

3,5 10–3

5,0 10–8

4,59
3,40
4,75
9,24
8,68
11,58
9,66
11,80
3,74
2.46
7,3
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. 5

 H2Se,                     1

2
 H2SO4,               2
 H2SO3,             1

2
 H2S,                          1

2
 H2TeO3,         1

            2
                                1

2
 H2CO3,             1

2

3
 HOCl

H2ClCOOH
 ( ) H2PO4, 1

2

3
 HF
 HCN

 H2 2O4,            1

2

1,7 10–4

1,0 10–11

1,2 10–2

1,6 10–2

6,3 10–8

6,0 10–8

1,0 10–14

3,0 10–3

2,0 10–8

1,0 10–3

1,0 10–11

4,5 10–7

4,7 10–11

1,8 10–3

5,0 10–8

1,4 10–3

7,5 10–3

6,3 10–8

1,3 10–2

6,6 10–4

7,9 10–10

5,4 10–2

5,4 10–5

3,77
11,0
1,92
1,80
7,21
7,22
14,0
2,5
7,7
3,0

11,0
6,33
10,33
4,75
7,30
2,85
2,12
7,20
11,89
3,18
9,10
1,27
4,27

 6 –  ( ) 

, Z , Z
, ± 1 ± 2 ± 3 , ± 1 ± 2 ± 3

0,001
0,002
0,005
0,010
0,020
0,050

0,98
0,97
0,95
0,92
0,90
0,84

0,78
0,74
0,66
0,60
0,53
0,50

0,73
0,66
0,55
0,47
0,37
0,21

0,1
0,2
0,3
0,4
0,5

0,81
0,80
0,81
0,82
0,84

0,44
0,41
0,42
0,45
0,50

0,16
0,14
0,14
0,17
0,21
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 7 –
 250

AgBr
AgCl
Ag2CrO4
AgI
Ag2S
Ag2SO4
BaCO3
BaCrO4
BaSO4
CaCO3
CaC2O4
CaF2
CaSO4
C3(PO4)2
Cg(OH)2
CdS

 6·10–13

1,8·10–10

4·10–2

1,1·10–18

6·10–50

2·10–5

5·10–9

1,6·10–10

1,1·10–10

5·10–9

2·10–9

4·10–11

4·10–4

1·10–29

2·10–14

7,9·10–27

 Cu(OH)2
CuS
Fe(OH)2
Fe(OH)3
FeS
HgS
MnS
PbBr2
PbCl2
PbCrO4
PbI2
PbS
PbSO4
SrSO4
Zn(OH02
ZnS

 2,2·10–20

6·10–36

1·10–8

3,8·10–38

5·10–18

1,6·10–52

2,5·10–10

9,1·10–6

2·10–5

1,8·10–4

8,0·10–9

1·10–27

1,6·10–8

3,2·10–7

1·10–17

1,6·10–34

 8 – 0, 
 250

0, 

Ag [Ag(CN)2]  +  = Ag + 2CN
Ag+ +  = Ag

– 0,29
0,80

Al AlO2  + 2H2O + 3  = Al + 4OH
Al3+ + 3  = Al

– 2,35
– 1,66

Au
[Au(CN)2]  +  = Au + 2CN
Au3+ + 3  = Au
Au+ +  = Au

– 0,61
1,50
1,69

Ba Ba2+ + 2  = Ba – 2,90
Bi Bi3+ + 2  = Bi 0,21

Br Br2 ( .) + 2  = 2Br
HOBr + H+ + 2  = Br  + H2O

1,07
1,34

Ca Ca2+ + 2  = Ca – 2,87
Cd Cd2+ + 2  = Cd – 0,40

Cl2 + 2  = 2Cl 1,36
Cl

HOCl + H+  + 2  = Cl  + H2O 1,49

Co Co2+ + 2  = Co
Co3+ +  = Co2+

– 0,28
1,81

F F2 + 2  = 2F 2,87
Mg Mg2+ + 2  = Mg – 2,36
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. 8.

Cr
Cr3+ + 3  = Cr
CrO4

2– + 4H2O + 3  = Cr(OH)3 + 5OH
Cr2O7

2– + 14H+ + 6  = 2Cr3+ + 7H2O

– 0,74
– 0,13
1,33

Cu
[Cu(CN)2]  +  = Cu + 2CN
Cu2+ +  = Cu+

Cu2+ + 2  = Cu
Cu+ +  = Cu

– 0,43
0,15
0,34
0,52

Fe

Fe2+ + 2  = Fe
Fe3+ + 3  = Fe
[Fe(CN)6]3– +  = [Fe(CN)6]4–

Fe3+  +  = Fe2+

– 0,44
– 0,04
0,36
0,77

H H2 + 2  = 2H+

2H+ + 2  = H2

– 2,25
0,00

Hg
Hg2

2+ + 2  = 2Hg
Hg2+ + 2  = 2Hg
2Hg2

2+ + 2  = Hg2+

0,79
0,85
0,92

I
I2 ( .) + 2  = 2I
2IO3  + 12H+ + 10  = I2 ( .) + 6H2O
2HOI + 2H+ + 2  = I2 ( .) + 2H2O

0,54
1,19
1,45

K K+ +  = K – 2,92
Li Li+ +  = Li – 3,04

Mn

MnO4
– +  = MnO2

+

MnO4
– + 2H2O + 3  = MnO2 + 4OH

MnO2 + 4H+ + 2  = Mn2+ + 2H2O
MnO4 + 8H+ + 5  = Mn2+ + 4H2O

0,56
0,60
1,23
1,51

Na Na+ +  = Na – 2,71
Ni Ni2+ + 2  = Ni – 0,25

O
O2 + 2H2O + 4  = 4OH
O2 + 2H+ + 2  = H2O2
O2 + 4H+ + 4  = 2H2O
H2O2 + 2H+ + 2  = 2H2O

0,40
0,68
1,23
1,78

P H3PO4 + 2H+ + 2  = H3PO3 + H2O – 0,28

Pb Pb2+ + 2  = Pb
Pb4+ + 2  = Pb2+

– 0,13
1,69

Pt Pt2+ + 2  = Pt 1,19

S S + 2H+ + 2  = H2S
S2O8

2– + 2  = 2SO4
2–

0,17
2,01

Se Se + 2H+ + 2  = H2Se – 0,40

Sn Sn2+ + 2  = Sn
Sn4+ + 2  = Sn2+

– 0,14
0,15

Te Te + 2H+ + 2  = H2Te – 0,72

Zn ZnO2
2– + 2H2O + 2  = Zn + 4OH–

Zn2+ + 2  = Zn
– 1,22
– 0,76
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 10 –

K+ Na+ NH4
+ Ba2+ Sr2+ Ca2+ Mg2+ Al3+ Cr3+ Fe3+ Fe2+ Mn2+ Zn2+ Ni2+ Co2+ Ag+ Hg2+ Cu2+ Cd2+ Pb2+ Bi3+ Sn2+

OH
F  - 
Cl -  
Br -  
I

S 2 - - 
SO3

2 - - -  -  -  - -  - -
SO4

2 - 
PO4

3  -
CrO4

2  - - - - 
CO3

2  - - -  -
NO3  -
NO2 -  -

CH3COO  - -
SiO3

2– P P - H H H H H - H H H H - - - - H H H H -

:  – ;  –  ( );  – ; “–“ 
, .
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